A study was carried out to define the analysis of rainfall data in order to estimate its contribution towards crop water requirements to overcome these problems. Rainfall and climatic data was collected from metrological stations, C.P UAF rain gauge (A), (AARI), (B), (CAA), (C) and (WAPDA), (D), Faisalabad of given region and this data was reserved for cross validation. The test station's (A) rainfall data was subjected to double mass curve technique to check its consistency with respect to other rainfall stations (B, C and D) in that area. The results derived by double curve technique were accurate for interested gauge station because there was no any break in curve. Then this consistent data was used to determine effective rainfall. The ET o was established by using penman-monteith method in the course of CROPWAT model and its effect with respect to other parameters like sun shine hour, wind speed, maximum & minimum temperature and rainfall humidity were determined. It was founded that the reference evapotranspiration (ET o ) is more during April to September due to increase in temperature and low in remaining months. After that data was placed in the model to acquire crop water requirement and irrigation of illustrative crops (wheat & maize) from the district. Through which we estimated that 7.5% rainfall for wheat and 15.5% rainfall for maize can contribute in actual irrigation per year. Through which we determined that 92.5 % and 84.5 % irrigation is required for wheat and maize crop respectively.
Water is the most common liquid on our planet, essential to all life forms and it is also important for crop need. The need of water is increasing sharply throughout the world which is one of the most burning issues of current time. Fresh water resources are depleting due to global climatic changes, rash use of surface water, and misuse of ground water and fast increasing industrial pollution. World need for food and crop demand is increasing day by day because of rapid increase in population (Bastiaanssen et al., 2000) .
Basically 95% of water is used by the sector of agriculture as compared to other sectors like industrial and house hold in Pakistan. But the efficiency of irrigation system in our country is very low, overall efficiency is 45% (Bhatti et al., 2009 ). The water share of agriculture becomes shrunk due to the increasing demand of population growth and industrialization. As a result Pakistan is now in the list of water shortage countries. So because of population growth, Pakistan is going to be exactly water scarce by 2025 (IWMI, 2000) .
Per capita availability of water in 1951 was 5,260 m 3 and in 2010 the availability was 1038 m 3 in Pakistan. This major gap of water demand has directed to severe water scarcity in all divisions. The irrigation system in Pakistan was designed for the cropping intensity of 60-70% but due to population demand this intensity has increased up to 200% (WAPDA, 2011) . Pakistan is located in a developing country of contradictions and poor rainfall, lying in the extreme North West corner of Pak-Indo sub-continent. At this time, Pakistan is facing shortage of food and water. So, accurate predictions of rainfall and its analysis will help to understand the problems of agriculture, irrigation, floods, and water supplies (Ghaffar and Javid, 2011) .
To overcome these problems and demand for food products we can use the rain, which can be a major part of the water essential for the crops in Pakistan. Pakistan is a country where rain is not only falls in summer season but also in winter season. During the summer monsoon season "July to September" east depression in the Arabian Sea, forming, low altitude rain on the grassland of Pakistan. August is the peak month of the season. "From June to September" approximately 60% of the annual rainfall over most parts of Pakistan in the summer has received (Adnan and Azmat, 2011) . In order to enhance the use of accessible rainfall, crop water requirements for several crops seemed to be sufficient for the purposes of calculating a specific area is determined. Other factors such as recharge and soil moisture content, evapotranspiration, soil type, planting season and harvest all need to be measured which will help us to enhance the productivity (Rugumayo et al., 2003) .
Rainfall also determines the potential of any region in term of crops to be produced, farming system to be adopted, the nature and sequence of farming operations to be followed and to achieve higher agricultural productivity as well. Irrigation water requirements are particularly abundant in the works under several surfaces, crop water requirements, crop yield and evapotranspiration as influenced by water accessibility, crop water modeling and irrigation scheduling techniques. Therefore, Double mass curve technique is more reliable for analysis of rainfall data to check the consistency. Then this consistent data and ETo through CROPWAT model can be utilized to estimate the contribution of rainfall towards crop water requirement to determine that how much irrigation is required to enhance the productivity.
Objectives of study:  Analysis of rainfall data by using double mass curve to check the consistency of rainfall.  To estimate reference Evapotranspiration ET o of given region by using CROPWAT model.  To estimate the % of rain contribution towards crop water requirement to determine that how much irrigation is required.
MATERIALS AND METHODS
Procedure. The available rainfall data were collected from four meteorological stations which were of 13 years from (2001-2013) on yearly basis. Then it was analyzed by using the double mass curve technique to check the consistency of rainfall for interested station.
Double mass curve. Double mass curve technique was used to check the consistency of rainfall data of C.P UAF rain gauge (A) by comparing it with other three rain gauges of Ayub Agricultural research institute (AARI), Faisalabad (B), Civil aviation authority (CAA), Faisalabad (C) Water and power development authority (WAPDA), Faisalabad (D). Scatter plot was drawn between cumulative rainfall of interested gauge and mean cumulative rainfall of other surrounding gauges to check the (a) consistency of interested gauge with respect to other gauges, (b) finding out the change in regime occurred, (c) discussing possible causes of deviation, (d) determine the difference for annual average precipitation of 13 years with adjustment of the data.
To check the consistency of rainfall data following methodology was used that explain the whole procedure of double mass curve which is shown below in Figure 1 .
From figure we can observe that gauge X data is not consistent. There is change in regime around (year B). This change could be due to gauge re-sitting, human error, gauge measurements and variation in vegetation, trees (Han, 2010) .
To remove the error following methodology was used which is given below. If the earlier period is consistent then, Ratio of Gauge X to other gauges (Year A-Year B) is (Gauge X average / Other Gauges average); Ratio of the in-consistent period (Year C-Year D) is (Gauge X average / Other Gauges average). So, the correction ratio to be made should be (1 st value/ 2 nd value) is (Consistent period ratio / inconsistent period ratio). That is why all the rainfall values from Year C to Year D are applied with same correction ratio. After checking the consistency of rainfall of interested gauge, this consistent data of interested gauge was used in CROPWAT model to estimate the rainfall contribution towards CWR.
Reference Evapotranspiration ET o. The reference evapotranspiration (ET o ) represents the potential evaporation of a well-watered grass crop. The water needs of other crops are directly linked to this climatic parameter. Although several methods exist to determine ET o , the PenmanMonteith Method has been recommended as the appropriate combination method to determine ET o from climatic data on temperature, humidity, sun shine, wind speed.
For crop water calculations, reference evapotranspiration was determined by using following formula:
, where, ET o is the reference evapotranspiration; R n is net radiation at the crop surface; G is the heat flux density; T is the mean daily temperature; U 2 is the wind speed at 2m height; e s is the saturation vapor pressure; e a is the actual vapor pressure; ∆ is the slope vapor pressure curve; γ is the psychometric constant. Effective rainfall. The rainfall contributes to a greater or lesser extent in satisfying CWR, depending on the location. During the rainy season in tropical and some semi-tropical regions, a great part of the crop's water needs are covered by rainfall, while during the dry season, the major supply of water should come from irrigation. How much water is coming from rainfall and how much water should be covered by irrigation is, unfortunately, difficult to predict as rainfall varies greatly from season to season. In order to estimate the rainfall deficit for irrigation water requirements, a statistical analysis needs to be made from long-term rainfall records.
Rainfall Data Collection. The precipitation data required for CROPWAT 8.0 can be daily, decade or monthly rainfall, commonly available from many climatic stations. In addition, substations may be found with single rainfall records. For larger schemes, records of several rainfall stations may be available, allowing an analysis of the spatial variability. To allow a calculation of rainfall probabilities, rainfall records from a range of years (10-20) are to be collected. Rainfall data was collected for 13 years from metrological cell installed at given area from 2001-2013 for the determination of dry, normal and wet year values as shown below in Table 1 . Rainfall Data Processing. For programming of irrigation water supply and management, rainfall data of normal, wet and dry years are used. An estimate of the respective rainfall data can be obtained by computing and plotting probabilities from the rainfall records to determine dry, normal and wet year values (Abdalla et al., 2010) . The different steps involved are:
1. Tabulate yearly rainfall totals for a given period; 2. Arrange data in descending order of magnitude. Effective Rainfall Method. In general, the efficiency of rainfall will decrease with increasing rainfall. For most rainfall values below/above the 100 mm/month, the efficiency will be approximately 80-90%. Unless more detailed information is available for local conditions, it was suggested to select the Option "USDA Soil Conservation Service". For this purpose following formula was used: Irrigation Water requirement. When the amount of water required for the crop is determined from the modeling software by neglecting the rainfall applied water. Then the remaining water required for the crop can be applied to the crop according to designed procedure. So crop should be irrigated when required and how much required. Keeping in view the sowing should be after the rain saving first irrigation as well as by modeling the timings can be calculated formulating schedule for the irrigation supply according to demand.
RESULTS AND DISCUSSION
Rainfall consistency using Double Mass Curve. The lower tables (Table No. Figure 4 .1 that shows a strong correlation between the cumulative means of other stations and the cumulative rainfall of interested gauge. As there is no break throughout the thirteen years period that is why there is no need to calculate a correction factor to make the data consistent because strong correlation showing consistent data. Same technique can also be used to check the consistency of rainfall for other stations of the area as per requirement. This consistent data is used for predictions and to finding out the percentage contribution of rainfall towards crop water requirement. ) and reaching maximum value (7.45 mm day -1 ) at June and ET o was declined during July to December (3.66 to 1.78 mm day -1 ) due to again decrease in the radiation intensity and the atmospheric temperature as shown in figure given below.
Figure show the decrease in ET 0 during January to March is mainly attributed to low temperature while during April to September period highest of the temperatures range prevails that resulted in increased ET 0 . In after months there is again decrease in temperature hence there is also decrease in ET 0 . The difference in ET 0 along with radiation intensity is also accredited to combined impacts of temperature, sunshine hours, wind speed and humidity. Dry years are those which lie on 80% exceedance with rainfall value of 280 mm while the normal years are those which lie on 50% exceedance with rainfall value of 360 mm and wet years are those which lie on 20% exceedance with 520mm rainfall values, respectively. 
Percent rainfall contribution and artificial irrigation for wheat and maize water requirement.
Rain is one of the major contributors to meet the irrigation requirements of the crop. But due to negligence as well as unawareness about the use most of the rainfall water is effectively up taken by crop plants. For this purpose this model helps us to predict the requirement of water with telling much of water can be saved as is provided by the rain. Sequential contributions of rainfall for maize and wheat crops are presented in tables (4.1 and 4.2) for 13 years from (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) .
It can be observed that there is contribution of 4.5, 2.5, 12.08, 9.1, 13.06, 9.83, 3.14, 10.69, 11.41, 32.6, 36.9, 48.6 and 6.5% in irrigation requirement of maize from 2001 to 2013 saving much amount of water which is a scarce resource.
For wheat crop rainfall contributes about 2.3, 2.5, 13.36, 2.09, 17.19, 6.14, 10.9, 6, 16.55, 4.9, 5.3, 4.7 and 6.57% of the irrigation requirement for respective years from 2001-2013. Keeping in view the above all years' rainfall data the average contribution of rainfall for irrigation of wheat and maize crops in that area per year is counted to be 7.5% and 15.5 % respectively. That is why we can save this water with applying only 92.5% water to wheat crop and 84.5 % water to maize crop respectively, as their requirement per year instead of applying 100% irrigation water.
Keeping in view the prevailing conditions in a year and the previous year's one can predict how much will be the rains the coming season and can manage the irrigation requirements for the crop.
